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Regional Assessments

MRB SPARROW
Lead Scientists
Coordinator – Steve Preston

Regional assessments funded through the USGS NAWQA Program

Task 1 – Trend reports; completed in 2007; USGS SIR 2007-5090

Task 2 – SPARROW models; began in 2008; completed in 2010
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 All regional models and support 

documentation will be published in dedicated 

series of Journal of American Water 

Resources Association, late 2010 early 2011

 Lower Mississippi Texas-Gulf paper – should 

receive USGS approval by mid-September 

and be submitted to journal for peer review
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Purpose of today’s meeting

 Present preliminary SPARROW results for 

Texas published in paper

 Give examples of how results can be used

 Request suggestions for other cooperator 

presentations
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Presentation Outline

Overview of SPARROW model

Lower Mississippi Texas SPARROW model

Study area

Assembly of input data 

Study area results

Texas results

Examples of SPARROW model applications 

Summary
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What is SPARROW?

 SPAtially Referenced Regression on 
Watershed Attributes (Smith et al., Water 
Resour. Res., 1997)

 Regression-based model - model is calibrated 
and adjusted to monitored loads

 Hybrid mechanistic – includes transport, 
loss, mass-balance, etc.

 Static model - centered on a specific target 
year; typically a year where spatial data have 
been assembled

Overview
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SPARROW model concept

Overview
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Load

Sources

Land-to-water

transport

Instream

transport/

loss

Error

Overview
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Study Area
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•South-Central United 

States – Lower 

Mississippi, Arkansas-

White-Red, and Texas-

Gulf Basins

•11 States

•USGS Study Area Team:

•Richard Rebich, MSWC

•Natalie Houston, Patty 

Ging, and Evan Hornig, 

TWSC

•Scott Mize, LWSC

Study Area
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Land Use
Study Area
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Rainfall
Study Area
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Model Input Data

Starts with reach network

The E2RF1 digital 

stream network from 

the U.S. Environmental 

Protection Agency was 

used for this study

There were 8,375 

stream reaches 

and catchments in 

the study area
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Load estimates

Assemble sample/concentration data

 Used the following datasets:
 USGS-NWIS

 EPA-STORET

 Kansas Department of Health and Environment

 Louisiana Department of Environmental Quality

 Mississippi Department of Environmental Quality

 Texas Commission on Environmental Quality

 Oklahoma Department of Environmental Quality

 Started with 22,012 sites that had at least one 
sample/concentration

Model Input Data
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22,012 potential sites

Sites with water-quality data

Model Input Data
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Data Screening

 Once sites were identified, then criteria to 

screen:

 25 samples

 At least 5 years of data within 7 years of target 

year

 Or, at least 2 years of data within 2 years of target 

year

 This screening left 1,879 sites

Model Input Data
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1,879 screened sites

Screened water quality sites

Model Input Data
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• After flow gage match, 

• 344 total nitrogen sites

• 442 total phosphorus sites

• Load estimates de-trended 

to 2002

• Point of reference, 

• 425 total sites in National 

SPARROW model

• 68 were in the study area

Final Load Sites
Model Input Data

DRAFT: Information is preliminary and subject to change
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Range of total nitrogen load at monitored sites

DRAFT: Information is preliminary and subject to change

Model Input Data
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Range of total phosphorus load at monitored sites

DRAFT: Information is preliminary and subject to change

Model Input Data
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Source Data Used in Total Nitrogen 

Model

Target Year for Model - 2002

Results
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Point Sources

• Data from USEPA’s Permit 

Compliance System

• Used actual load data where 

available

• In unavailable, load data were 

estimated

DRAFT: Information is preliminary and subject to change

Results
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Developed Land

• Data from 2001 NLCD

• Developed land: low, 

medium, high, and open 

spaces

• Represents urban 

nonpoint runoff

DRAFT: Information is preliminary and subject to change

Results
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Atmospheric Deposition

• Data from 28 active 

USGS NADP/NTN wet 

deposition sites in the 

study area

• Data used in the model 

are total inorganic 

nitrogen

• Mostly ammonia, some 

nitrate

• De-trended to 2002

DRAFT: Information is preliminary and subject to change

Results



Aug 31 – Sept 2, 2010

Fertilizer applied to crops

• Data from USDA NASS 

service

• County level sales data

• Data are available 

annually

DRAFT: Information is preliminary and subject to change

Results
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Livestock Manure from Confined Feeding 

Operations

• Data from USDA NASS 

service

• Livestock manure 

generated at feeding 

operations (confined) 

applied to crops

• Data are available every 

5 years

DRAFT: Information is preliminary and subject to change

Results
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Livestock Manure from Pastures

(unconfined)

• Data from USDA NASS 

service

• Livestock manure 

generated from pastures 

(unconfined)

• Data are available every 

5 years

DRAFT: Information is preliminary and subject to change

Results
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Delivery and Loss Variables in Final Total 

Nitrogen Model

 Delivery terms

 Average annual precipitation

 Overland flow term

 Loss terms

 In-stream loss - first order decay equations

 Three flow regimes:

 <50 cfs

 between 50 and 1000 cfs

 >1000 cfs; 

 Reservoir loss

DRAFT: Information is preliminary and subject to change

Results
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Studentized 

residuals - total 

nitrogen model

Distribution of total nitrogen model residuals

Results

RMSE = 0.55

R2 = 0.92

R2 yield = 0.86
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Definition of Terms

 Yield – Load divided by drainage area

 Incremental – load or yield generated for each 

reach catchment delivered to local streams

 Delivered – amount of incremental load or 

yield delivered to target area (in this case, 

Gulf); based on multiplying incremental load 

or yield by delivery fraction

Results
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Total Nitrogen Yield Results

Results

Delivered to local streams Delivered to the Gulf of Mexico

Incremental total nitrogen 

yield, in kilograms per 

hectare per year

Delivered incremental total 

nitrogen yield, in kilograms 

per hectare per year
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Primary Sources of Nitrogen

Results
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Atmospheric Deposition

Total 

Inorganic 

Nitrogen

Nitrate

Ammonia

Results
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Sources Used in Final Total Phosphorus Model

 Fertilizer

 Livestock manure - confined feeding operations and 
pastures (unconfined)

 Urban runoff

 Point sources

 Phosphorus attached to sediment from in channel 
erosion

 Phosphorus from background sources (forest, scrub, 
barren)

Note: Total phosphorus loads from Upper Mississippi 
River were considered a boundary condition for this 
regional SPARROW model

Results

Information is preliminary and subject to change
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Delivery and Decay Variables in Final 

Total Phosphorus Model

 Delivery terms

 Average annual precipitation

 Overland flow term

 K-factor; soil erosion factor from USLE

 Loss terms

 In-stream loss - first order decay equations

 Three flow regimes:

 <50 cfs

 between 50 and 1000 cfs

 >1000 cfs; 

 Reservoir loss

Results

Information is preliminary and subject to change
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Studentized 

residuals - total 

phosphorus model

Distribution of total phosphorus model residuals

Results

RMSE = 0.74

R2 = 0.88

R2 yield = 0.80
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Total phosphorus yield results

Results

Delivered to local streams Delivered to the Gulf of Mexico

Incremental total phosphorus 

yield, in kilograms per hectare 

per year

Delivered incremental total 

phosphorus yield, in kilograms 

per hectare per year
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Sources of phosphorus

Results
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 Delivered Load and Yield Table by Estuary

 Maps of Delivered Incremental Yield by 

Estuary

Results

Published Results - Texas



Aug 31 – Sept 2, 2010

Delivered Loads and Yields by Estuary –

Total Nitrogen

Nitrogen model results by estuary

Estuarya

Delivered 

load, mT/yr

Standard error for 

delivered load, 

mT/yr

Lower 90th 

percentile 

confidence 

interval for 

delivered 

load, mT/yr

Upper 90th 

percentile 

confidence 

interval for 

delivered 

load, mT/yr

Delivered yield, 

kg/ha/yr

Standard error of 

delivered yield, 

kg/ha/yr

Lower 90th 

percentile 

confidence 

interval for 

deliverd yield, 

kg/ha/yr

Upper 90th 

percentile 

confidence 

interval for 

deliverd yield, 

kg/ha/yr

Lake Borgne 3272.0 2317.5 1328.8 8147.5 2.1 1.5 0.8 5.1

Mississippi River 182538.0 124809.9 54315.7 340733.5 3.0b -----b -----b -----b

Barataria Bay 1964.7 1361.6 632.8 4377.3 3.4 2.4 1.1 7.6

Atchafalaya River/Terrebonne Bay 92850.4 63744.1 37547.5 198075.4 3.6 2.4 1.4 7.6

Mermentau River 3158.5 2261.3 1002.3 6908.5 3.5 2.5 1.1 7.7

Calcasieu River 6521.5 4510.3 2169.0 17922.9 5.9 4.1 2.0 16.2

Neches/Sabine Rivers 20646.6 14177.8 6749.7 45245.0 3.8 2.6 1.2 8.3

Trinity River/Galveston Bay 40497.6 28108.9 13386.9 82093.5 6.6 4.6 2.2 13.3

Brazos River 24501.1 16840.8 8435.1 56605.4 2.0 1.4 0.7 4.6

Colorado River/Matagorda Bay 16306.1 11212.6 5856.8 28728.8 1.3 0.9 0.5 2.4

San Antonio/Quadalupe Rivers 9680.1 6656.3 3306.6 25895.3 3.6 2.5 1.2 9.7

Aransas River 2763.6 1948.8 1080.8 6186.8 4.3 3.0 1.7 9.7

Nueces River/Corpus Christi Bay 2328.0 1609.6 787.5 5355.4 0.5 0.4 0.2 1.2

Upper Laguna Madre 2234.1 1545.7 763.9 4015.7 1.5 1.0 0.5 2.6

Lower Laguna Madre 2440.8 1688.2 869.2 6882.6 2.3 1.6 0.8 6.4

Results
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Delivered Loads and Yields by Estuary –

Total Phosphorus

Phosphorus model results by estuary

Estuarya

Delivered 

load, mT/yr

Standard error for 

delivered load, 

mT/yr

Lower 90th 

percentile 

confidence 

interval for 

delivered 

load, mT/yr

Upper 90th 

percentile 

confidence 

interval for 

delivered 

load, mT/yr

Delivered yield, 

kg/ha/yr

Standard error of 

delivered yield, 

kg/ha/yr

Lower 90th 

percentile 

confidence 

interval for 

deliverd yield, 

kg/ha/yr

Upper 90th 

percentile 

confidence 

interval for 

deliverd yield, 

kg/ha/yr

Lake Borgne 700.6 616.9 183.4 1870.7 0.4 0.4 0.1 1.2

Mississippi River 41182.4 33536.6 6920.8 119084.5 0.7b -----b -----b -----b

Barataria Bay 400.5 369.0 87.2 949.3 0.7 0.6 0.2 1.7

Atchafalaya River/Terrebonne Bay 15034.7 12285.5 2817.3 43948.3 0.6 0.5 0.1 1.7

Mermentau River 922.6 794.0 194.9 2801.4 1.0 0.9 0.2 3.1

Calcasieu River 1370.0 1127.4 327.9 3742.8 1.2 1.0 0.3 3.4

Neches/Sabine Rivers 2958.8 2419.0 617.6 8456.5 0.5 0.4 0.1 1.6

Trinity River/Galveston Bay 6233.2 5122.3 1333.3 18986.0 1.0 0.8 0.2 3.1

Brazos River 3282.0 2679.7 666.2 9909.2 0.3 0.2 0.1 0.8

Colorado River/Matagorda Bay 2169.1 1774.4 521.8 5450.0 0.2 0.1 0.0 0.4

San Antonio/Quadalupe Rivers 1292.5 1057.3 244.2 3600.7 0.5 0.4 0.1 1.3

Aransas River 403.6 345.9 83.3 1050.5 0.6 0.5 0.1 1.6

Nueces River/Corpus Christi Bay 336.7 277.5 64.2 1053.5 0.1 0.1 0.0 0.2

Upper Laguna Madre 202.3 165.9 39.8 496.3 0.1 0.1 0.0 0.3

Lower Laguna Madre 256.4 211.4 47.1 741.9 0.2 0.2 0.0 0.7

Results



TN TP

Delivered incremental total 

nitrogen yield, in kilograms per 

hectare per year

Delivered incremental total 

phosphorus yield, in kilograms 

per hectare per year

Neches and Sabine Rivers estuary

Delivered Incremental Yields Maps by Estuary

Results



Trinity River/Galveston Bay estuary

TN TP

Delivered incremental total 

nitrogen yield, in kilograms per 

hectare per year

Delivered incremental total 

phosphorus yield, in kilograms 

per hectare per year

Delivered Incremental Yields Maps by Estuary

Results



TN TP

Delivered incremental total 

nitrogen yield, in kilograms per 

hectare per year

Delivered incremental total 

phosphorus yield, in kilograms 

per hectare per year

Brazos River estuary

Delivered Incremental Yields Maps by Estuary

Results



TN TP

Delivered incremental total 

nitrogen yield, in kilograms per 

hectare per year

Delivered incremental total 

phosphorus yield, in kilograms 

per hectare per year

Colorado River/Matagorda Bay estuary

Delivered Incremental Yields Maps by Estuary

Results



TN TP

Delivered incremental total 

nitrogen yield, in kilograms per 

hectare per year

Delivered incremental total 

phosphorus yield, in kilograms 

per hectare per year

San Antonio and Guadalupe Rivers estuary

Delivered Incremental Yields Maps by Estuary

Results



TN TP

Delivered 

incremental 

total nitrogen 

yield, in 

kilograms per 

hectare per year

Delivered 

incremental total 

phosphorus yield, 

in kilograms per 

hectare per year

Aransas River estuary

Delivered Incremental Yields Maps by Estuary

Results



TN TP

Delivered incremental total 

nitrogen yield, in kilograms per 

hectare per year

Delivered incremental total 

phosphorus yield, in kilograms 

per hectare per year

Nueces River/Corpus Christi Bay estuary

Delivered Incremental Yields Maps by Estuary

Results



TN TP

Delivered incremental total 

nitrogen yield, in kilograms 

per hectare per year

Delivered incremental total 

phosphorus yield, in kilograms 

per hectare per year

Upper Laguna Madre estuary

Delivered Incremental Yields Maps by Estuary

Results



TN TP

Delivered incremental total 

nitrogen yield, in kilograms 

per hectare per year

Delivered incremental total 

phosphorus yield, in kilograms 

per hectare per year

Lower Laguna Madre estuary

Delivered Incremental Yields Maps by Estuary

Results
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Yield plots

Catchment yield Catchment yield delivered to estuary

Other watershed-specific examples …

Applications
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Other watershed-specific examples …

Source plots and bar charts

0 20,000 40,000 60,000 80,000 100,000 

Atmospheric 
Deposition

Wastewater 
Discharge

Urban

Fertilizer

Manure-
feedlots

Manure-
pasture

Total nitrogen in thousands of kilograms

Total nitrogen inputs to 
basin

Total nitrogen load 
transported to streams

Total nitrogen load 
transported to Gulf of 
Mexico

Applications
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How have regional SPARROW model 

results been used throughout the 

southeast?

Applications
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Total Nitrogen Regional Model

Available online at 
http://water.usgs.gov/nawqa/pubs/

nitrogen_loads

Contact for more information:   

Anne Hoos  

abhoos@usgs.gov

Applications
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Validation of watershed models for 

Beaver Creek – Clinch River 

Tennessee Division of Water Pollution Control 

HSPF 
(LSPC)

A-W 
model 

(GWLF)

SPARROW 
southeast 

region

Total 
Nitrogen, 

kg/yr
285,000 170,000 312,000

Applications
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Estimated phosphorus 

yield delivered to Elk River 

embayment, kg/ha/yr

Historic sampling site 

(used in regional model)

Sampling site added in 2006

< 1

1 - 2

2 - 3

> 3

Additional monitoring to verify SPARROW 

model findings

Applications
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Calculate instream load and concentration to 

match a desired delivery rate to target –

Florida streams

U.S. EPA Gulf Ecology Division – Richard Greene, Jim Hagy

greene.rick@epa.gov, hagy.jim@epa.gov, 

Uses SPARROW 

estimates of fraction of 

nitrogen delivered to 

Pensacola Bay

mailto:Greene.rick@epa.gov
mailto:hagy.jim@epa.gov


Aug 31 – Sept 2, 2010

Ross Barnett Reservoir - Mississippi

Applications

DRAFT: Information is preliminary and subject to change
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Mississippi River Basin Healthy Watersheds 

Initiative – 41 Focus Watersheds selected

Applications



Aug 31 – Sept 2, 2010

Nutrient Models—Decision Support 

Tools

Modeling decision support tools is being developed to 

enable managers to evaluate management scenarios 

and the associated environmental response and also 

incorporate economic aspects into the scenarios. 

Applications
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Decision Support Tool – available in 2011

Applications
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Decision Support Tool …

Applications

DSS tool will allow users to 

run limited simulations
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Next phase starting in FY2010

Upgrade to National Hydrography Dataset models 

begins in 2010

Why?

• Will be able to add more load sites (about 50-100 

more for MRB5)

• Better ―plumbing‖

Summary
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SPARROW Fact Sheet

 For more information about model concepts:

SPARROW home page:

http://water.usgs.gov/naw

qa/sparrow/

SPARROW fact sheet:

http://pubs.usgs.gov/fs/20

09/3019/

Summary
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Questions?

Richard Rebich

601-933-2928

rarebich@usgs.gov


